While adipose cells and secretory cells of exocrine glands which secrete lipids, such as Harderian and mammary glands, have notable lipid droplets in their cytoplasm, it is not uncommon for other types of cells to have small quantities of lipid droplets in the cytoplasm (Fawcett, 1986) . On the other hand, many reports have pointed out that a marked accumulation of lipid droplets, clearly exceeding a normal level, is observed in the salivary gland of rats that have undergone some experimental treatment. In the parotid gland, a marked accumulation of lipid droplets occurs due to the administration of actinomycin-D (Han, 1967) , alloxan (Anderson, 1983; Anderson and Johnson, 1981) , streptozotocin (Anderson, 1987; Anderson and Garrett, 1986; Hand and Weiss, 1984) , ethionine (Oliver et al., 1979) and isoproterenol (Amsterdam et al., 1969; Simson, 1972; Simson, 1974) , due to X-ray irradiation Sholley et al., 1981; Sodicoff et al., 1974) , intake of liquid diet (Hand and Ho, 1981; Wilborn and Schneyer, 1979) , fasting or starvation (Tandler et al. , 1979; Hand, 1972; Harrop and Garrett, 1974) , and long-term exposure to a low oxygen environment (Morawa and Han, 1974 (Radley, 1969) , and aging (Bogart, 1970) . In the sublingual gland of streptozotocin-induced diabetic rats, a marked accumulation also is observed in glandular cells, especially serous demilunar cells (Anderson and Garrett, 1986) .
Several developmental studies have been carried out on rat exocrine glands including the parotid gland (Redman and Sreebny, 1970; Redman and Sreebny, 1971) The present study aims to examine morphologically the appearance and disappearance of lipid droplets in some exocrine glands of the newborn rat, including the salivary gland, pancreas, and exorbital lacrimal gland, and to obtain clues to elucidate the lipid metabolism of secretory cells in the exocrine glands of newborn rats and of lipid metabolism abnormality caused by the administration of various drugs.
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Materials and Methods
The sublingual gland, submandibular gland, exocrine pancreas, and exorbital lacrimal gland of newborn Sprague-Dawley rats from immediately after birth to 14 days old were morphologically examined. At least 3 rats were assigned to each experimental group, and in all, 243 rats were used in the present study. The specimens were obtained immediately after birth (within 1 hour after birth), 6, 12, 18, 24, 36 and 48 hours, and 3, 4, 5, 7, 10 and 14 days after birth under ether anesthesia.
The no suckling group consisting of newborn rats separated from their mothers immediately after birth (within 1 hour after birth and before the start of suckling) was established to clarify the relationship between milk intake and lipid droplet accumulation. Some of the rats in this group were returned to their mother for suckling at 12 hours after birth, forming a group in which suckling was delayed (a delayed suckling group). The other rats were allowed to suckle freely and thus formed a suckling group.
Ten newborn rats were selected at random from each group (suckling, no suckling and delayed suckling) and their weights were measured immediately after birth and every 6 hours in order to assess the effects of suckling status.
The removed glands were cut into small pieces in a modified Karnovsky's fixative (Karnovsky, 1965 ) containing 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 M phosphate buffer, pH 7.3. After immersion fixation with the same fixative at room temperature for 2 hours, the specimens were rinsed in 0.2 M phosphate buffer, pH 7.3, and postfixed with 2% phosphate buffered osmium tetroxide for 2 hours. The specimens were then rinsed with water, dehydrated with an ascending series of ethanols, substituted by propylene oxide, and embedded in Epoxy resin.
Ultrathin sections were prepared using a diamond knife and ultramicrotome, and were double-stained with uranyl acetate (Stempac and Ward, 1964 ) and lead citrate (Venable and Coggeshall, 1965) . Then the sections were observed with a Hitachi H-800 transmission electron microscope. Semi-thin sections stained with toluidine blue were observed under a light microscope.
Results
A transient, notable accumulation of lipid droplets was seen in the submandibular gland, sublingual gland and exocrine pancreas of the newborn rat. The accumulated lipid droplets were 1-2 tm in diameter and tended to localize in the glandular cells, especially in the basal cytoplasm (Figs. 1-3) . On the other hand, only a slight accumulation of lipid droplets was seen in the exorbital lacrimal gland (Fig. 4) . No lipid droplets were found in ductal cells, myoepithelial cells, or endocrine cells of the pancreas.
In the submandibular gland, sublingual gland and exocrine pancreas, no lipid droplets were found immediately after birth (Fig. 5) , but appeared about 6 hours later. At 6 hours after birth, small quantities of lipid droplets were seen in several glandular cells of a few secretory endpieces. The quantity of lipid droplets then increased rapidly, and 24 hours after birth, numerous lipid droplets were seen in the glandular cells of almost all secretory endpieces (Figs. 6, 8, 9 ). This situation continued up to 48 hours after birth. The quantity clearly decreased 3 days after birth, and only a few lipid droplets were seen 5 days after birth (Fig. 7) . Thereafter, no large quantities of lipid droplets were seen (Table 1) . No difference in lipid droplet accumulation was recognized between the 2 types of secretory cells (mucous cells and serous demilunar cells) in the sublingual gland (Fig. 6) .
On the other hand, in the exorbital lacrimal gland, secretory granules were not formed immediately after birth, so it was impossible to identify the secretory endpiece based on the existence of secretory granules, but no lipid droplets were found either in the secretory endpiece or the duct. Lipid droplets appeared at 12 hours after birth. Twentyfour hours after birth, small quantities of lipid droplets were sometimes found in the cytoplasm of cells composing immature secretory endpieces (Fig. 4) . Then, lipid droplets gradually increased. Five days after birth, when the number of glandular cells containing secretory granules increased, several secretory endpieces were seen where small amounts of lipid droplets were found in a few secretory cells (Fig. 10) . Seven to 14 days after birth, a small accumulation of lipid droplets was observed. There was no obvious peak in lipid droplet accumulation in this gland (Table 1) .
In the submandibular gland of the no suckling group, no accumulation of lipid droplets was noted even 24 hours after birth (Fig. 11) . On the other hand, in the submandibular gland of the delayed suckling group, lipid droplets appeared 6 hours after the start of suckling, namely, 18 hours after birth, and reached a peak 36 hours after birth (Fig. 12) , then decreased slightly 3 days after birth (Table 1 ). In the sublingual gland and pancreas, results similar to those in the submandibular gland were obtained both in the no suckling group and delayed suckling group.
Changes in body weight of newborn rats are shown in Fig. 13 . The suckling group began to show a marked increase in weight 6 hours after birth, exhibiting smooth weight gain. On the other hand, the weight of the no suckling group gradually decreased immediately after birth. In the delayed suckling group, a slight decrease similar to that of the no suckling group was observed within the first 12 hours, and later, a weight increase almost parallel to that of the suckling group was observed. The color tone of the lipid droplets in sections stained with toluidine blue was diverse, ranging from light grey to dark blue, in all glands (Figs. 8, 12 ).
Electron microscopic findings showed an obvious difference in electron density among specimens . No limiting membranes were seen around the lipid droplets, and they were easy to distinguish from secretory granules (Figs. 1-4) .
Discussion
It has been clarified that a marked accumulation of lipid droplets is caused by the administration of drugs such as actinomycin-D, alloxan, streptozotocin, ethionine and isoproterenol, X-ray irradiation, intake of liquid diet, fasting or starvation, and exposure to a low oxygen environment for a prolonged period (Han, 1967 Hand, 1972) .
In the present study, notable accumulation of lipid droplets was seen in the exocrine glands during postnatal development. These lipid droplets tended to localize in the lower part of the nucleus of secretory cells, namely, in the basal cytoplasm, showing that they were not secreted in the glandular lumen. Meanwhile, 24 hours after birth, the immature exorbital lacrimal gland showed glandular cells in which lipid droplets were scattered and not localized in the basal cytoplasm. This was thought to indicate that immature glandular cells containing no secretory granules at this time had no obvious polarity.
A difference in the color tone and shade of lipid droplets was recognized between semi-thin and thin sections. Although this may indicate the degree of extraction of lipid in the process of specimen preparation, it cannot be denied that it shows a difference in the degree of unsaturation of fatty acid of triglyceride as the main component of lipid droplets (Fawcett, 1986) .
Using a transmission electron microscope, Anderson and Garrett (1986) observed the parotid, submandibular and sublingual glands of rats with diabetes induced by streptozotocin, and reported that the accumulation of lipid droplets varied greatly with the type of secretory cells and that many lipid droplets were found in the acinar cells of the parotid gland and the demilunar cells of the sublingual gland, in which secretion was serous. They also reported that only small lipid droplets were rarely observed in the mucous cells of the sublingual gland, and that acinar cells of the submandibular gland containing seromucous secretory granules showed a degree midway between serous and mucous cells. In the present study, no difference in lipid droplet accumulation was found between the 2 types of glandular cells in the sublingual gland, indicating that in a 
